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
DUH IRFXVVHG WRPDNH WKHDQWHQQDVGLUHFWLYH WKDW LV WRJHWQDUURZEHDPZLGWK7KHQHHGIRUDQWHQQDVKDYLQJZLGH
EHDPSDWWHUQV DVRSSRVHG WRSHQFLO EHDPRQHV DULVHV LQPDQ\FLYLO DQGPLOLWDU\ DSSOLFDWLRQV LQFOXGLQJ VDWHOOLWH
FRPPXQLFDWLRQVWHUUHVWULDOZLUHOHVVQHWZRUNVDQGUDGDUV\VWHPV

7KHDQWHQQDGHVLJQHGKHUHLVDZLGHEHDPKRUQDQWHQQDRSHUDWLQJLQWKH6EDQG7KHGLUHFWLYHKRUQDQWHQQDLVPDGH
ZLGH EHDP DQG ZLGH EDQG E\ XVLQJ PHWKRG RI PRQRSXOVLQJ DQG FRUUXJDWLRQV 7KHUH DUH IRXU UHFWDQJXODU
ZDYHJXLGHVLQZKLFKPRQRSXOVLQJPHWKRGLVDSSOLHGWRJHWDVXPSDWWHUQLQERWKD]LPXWKDQGHOHYDWLRQSODQHFXWV
$OVRDFRUUXJDWHGZDYHJXLGHLVFRQQHFWHGWRLWVWKURDWZKLFKSURYLGHVIXUWKHUEHDPVKDSLQJDQGZLGHEDQGZLGWK
3DWWHUQVKDSLQJZLWKK\EULGPRGHFRUUXJDWHGKRUQ
7KRPDVHWDOOLQWKHLUZRUNFODLPHGWKDWZLWKKLJKHUPRGHUDWLRDEHDPZLGWKRIDURXQGLQ(SODQHDQGLQ
+SODQHLVDFKLHYHGLQ;EDQG+\EULGPRGHVLQDVTXDUHFRUUXJDWHGZDYHJXLGHDUHLQYHVWLJDWHGDQGDWHFKQLTXHRI
FRPELQLQJ VHYHUDO PRGHV LQ WKHVH FRUUXJDWHG ZDYHJXLGH IRU SDWWHUQ VKDSLQJ LV GHVFULEHG LQ7KH FKDUDFWHULVWLF
HTXDWLRQIRUWKLVVWUXFWXUHLVGHULYHGE\LPSRVLQJDVXUIDFHUHDFWDQFHERXQGDU\FRQGLWLRQDWWKHFRUUXJDWHGZDOOV
$QDO\WLFDOUHVXOWVLQGLFDWHWKDWWKHSULQFLSDOUDGLDWHGEHDPFDQEHVPRRWKO\EURDGHQHGLQERWKWKH(-DQG+SODQHV
E\DQDSSURSULDWHFKDQJHLQDPSOLWXGHRIKLJKHURUGHUK\EULGPRGHV$FRPELQDWLRQRIWKHHTXLYDOHQFHSULQFLSOH
DQGLPDJHWKHRU\ZDVXVHGWRGHWHUPLQHWKHUHODWLRQVKLSEHWZHHQWKHIDUILHOGSDWWHUQVIRUWKHKRUQZKHQUDGLDWLQJ
LQWRKDOIVSDFHDQGWKHLPSUHVVHGFXUUHQWVLQWKHDSHUWXUHRIWKHKRUQ%DVHGRQWKLVGHVLJQZKLFKZDVWULHGDW;
EDQGDQDWWHPSWLVPDGHLQWKLVSDSHUGHVLJQLQJWKHZLGHEHDPKRUQDQWHQQDIRU6EDQG
$QWHQQD'HVLJQ
3.1. Design of single rectangular waveguide 
7KH FRUUXJDWHG KRUQ DQWHQQD FRQVLVWV RI IRXU UHFWDQJXODU ZDYHJXLGHV RSHUDWLQJ LQ WKH 7( PRGH ZKLFK LV WKH
GRPLQDQWPRGHIRUUHFWDQJXODUZDYHJXLGHV$FFRUGLQJO\WKHZLGWKDQGKHLJKWRIWKHZDYHJXLGHZHUHFDOFXODWHG
 
ca O 


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ab d


ȜFLVWKHFXWRIIZDYHOHQJWKFRUUHVSRQGLQJWRFXWRIIIUHTXHQF\fF
ȜRLVWKHRSHUDWLQJZDYHOHQJWKFRUUHVSRQGLQJWRRSHUDWLQJIUHTXHQF\fR

3.2. X-band to S-band conversion of parameters 
)RU WKH UHTXLUHPHQWRI WKHJXDUGDQWHQQD LQ6EDQG WKH LQLWLDOFRUUXJDWHGKRUQDQWHQQDGHVLJQHG LQ;EDQGZDV
UHGHVLJQHG IRU WKH6EDQG+RUQ WKURDW JHRPHWU\ LV VKRZQ LQ)LJ7KHSDUDPHWHU YDOXHV IRU WKHSURSRVHGKRUQ
DQWHQQDZHUHREWDLQHGE\FRQYHUWLQJWKRVHYDOXHVLQ;EDQGWR6EDQGZLWKUHVSHFWWRWKHFXWRIIZDYHOHQJWK7KH
LQLWLDOSDUDPHWHUYDOXHVREWDLQHGE\FRQYHUWLQJIURP;EDQGWR6EDQGDUHJLYHQLQ7DEOH$WILUVWWKHKRUQZDV
PRGHOHGZLWKFRUUXJDWLRQV7KHGHVLJQHGVWUXFWXUHKDGOLPLWDWLRQLQJLYLQJZLGHEHDPEHKDYLRULQERWKWKHSODQHV
VLPXOWDQHRXVO\7KHUHIRUHWKHSDWWHUQZDVUHJHQHUDWHGE\YDU\LQJVRPHRIWKHSDUDPHWHUV7KHSURFHVVIROORZHGWR
DUULYHDWWKHGHVLUHGUHVXOWVE\DOWHULQJWKHSDUDPHWHUVLVGHVFULEHGEHORZ

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
)LJ+RUQWKURDWJHRPHWU\

x 7KHKRUQWKURDWGLPHQVLRQVDEFGHDQGDWWHQXDWLRQFRQVWDQWĮDUHXVHGWRFRQWUROWKHPRGHDPSOLWXGH
UDWLR%XWSDUDPHWHUVµD¶DQGµG¶RIWKHKRUQZDVDOUHDG\IL[HGWRRSHUDWHLQWKH7(PRGHDQGLQUHTXLUHG
IUHTXHQF\EDQG6RSDUDPHWHUVVXFKDVµF¶UHSUHVHQWLQJGLVWDQFHEHWZHHQZDYHJXLGHVLQ;GLUHFWLRQDQGµH¶
UHSUHVHQWLQJGLVWDQFHEHWZHHQZDYHJXLGHVLQ<GLUHFWLRQZHUHYDULHG%XWWKHUHZDVQRVLJQLILFDQWFKDQJH
LQWKHSDWWHUQ
x %HDPZLGWKYDULHVLQYHUVHO\ZLWKRXWHUDSHUWXUHGLPHQVLRQµE¶RIWKHVWUXFWXUH%HDPZLGWKLVPD[LPXP
ZKHQELVPLQLPXP%XW WKHUH LVD OLPLW WRZKLFKEFDQEHGHFUHDVHG7KHPLQLPXPSRVVLEOHYDOXHRIE
SRVVLEOHZDVGZKHQµH¶LVWDNHQPPDVVXPLQJWKDWZDYHJXLGHWKLFNQHVVRIPPLVWREHPDLQWDLQHG
EHWZHHQWKHZDYHJXLGHVLQ<GLUHFWLRQ7KLVFRUUXJDWHGKRUQZDVJLYLQJDG%EHDPZLGWKRIDQG
LQ(SODQHDQG+SODQHUHVSHFWLYHO\
x 1XPEHURIFRUUXJDWLRQVZDVYDULHGIURPWRWRDVVHVVWKHHIIHFWRIFRUUXJDWLRQRQWKHLPSURYHPHQWRQ
WKHSDWWHUQ7KLV LVPDLQO\EHFDXVH LI WKHZDYHVWUDYHO WKURXJKDFRUUXJDWHGGLVWDQFHRIɉRUɉ 
       7KHSDWWHUQVLQWKHWZRSULQFLSDOSODQHVZLWK
GLIIHUHQWQXPEHURIFRUUXJDWLRQVDQGDUHJLYHQEHORZLQ)LJ



)LJ(SODQHDQG+SODQHSDWWHUQIRUGLIIHUHQWFRUUXJDWLRQD7KUHHFRUUXJDWLRQV
E)RXUFRUUXJDWLRQVF)LYHFRUUXJDWLRQV
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
$PRQJVW WULHG RXW FRUUXJDWLRQV KRUQ ZLWK  FRUUXJDWLRQV VKRZHG EHWWHU EHDPZLGWK SHUIRUPDQFH 7KH
REWDLQHGEHDPZLGWKIRU WKHFDVHZDVDURXQG LQ(SODQHDQG LQ+SODQH)RUFRUUXJDWLRQV
WKHUHLVDVXPSDWWHUQLQWKH(SODQH7KHPLGGOHGLSRIWKLVVXPSDWWHUQLVDWG%+RZHYHUE\LJQRULQJWKH
GLSLQWKLVVXPSDWWHUQZKLFKZRXOGEHILQHIRUJXDUGDQWHQQDSXUSRVHWKHHQGWRHQGPHDVXUHRIEHDP
ZLGWKLV%HDPZLGWKREWDLQHGZLWKFRUUXJDWLRQVLV	ZLWKFRUUXJDWLRQVLV	
LQWKH(DQG+SODQHUHVSHFWLYHO\
x $WWHQXDWLRQFRQVWDQWµĮ¶LVDWHUPLQWKHIDUILHOGHTXDWLRQVRIWKLVKRUQ,WLVGHSHQGHQWRQWKHYDOXHRIVORW
GHSWKµV¶7KHUHIRUHVORWGHSWKZDVYDULHGIURPVWRVVDQGVIRUGLIIHUHQWQXPEHURIFRUUXJDWLRQV
YDU\LQJIURP WR WRFKHFN WKHHIIHFWRQ WKHSDWWHUQEHDPZLGWK2I WKHVH WULHGHYHQWV WKHSDWWHUQZDV
EHWWHUIRUFRUUXJDWLRQVDQGVORWGHSWKEHLQJµV¶RQO\
x 7KHSKDVHDSSOLHGWRHDFKRIWKHIRXUZDYHJXLGHHOHPHQWZDVYDULHGLQRUGHUWRFKHFNDQ\FRQWUROODELOLW\
RQSDWWHUQZLWKSKDVHDSSOLHG7KLVLVVKRZQLQ)LJEHORZ


)LJ&KHFNRQSDWWHUQFRQWUROODELOLW\ZLWKYDULDWLRQLQSKDVHDSSOLHGWRHDFKZDYHJXLGH

)LJDVKRZVSDWWHUQRIWKHKRUQZKHQDOOIRXUHOHPHQWVDUHIHGLQSKDVH)LJEVKRZVSDWWHUQZKHQ
DOOHOHPHQWVDUHIHGRXWRISKDVH)LJFVKRZVSDWWHUQZKHQHOHPHQWVDUHIHGRXWRISKDVHLQD]LPXWK
SODQHDQG)LJGVKRZVSDWWHUQZKHQHOHPHQWVDUHIHGRXWRISKDVHLQHOHYDWLRQSODQH

)LQDOO\ KRUQZLWK  FRUUXJDWLRQV VORW GHSWK µV¶ 	 DOO ZDYHJXLGHV H[FLWHG ZLWK HTXDO SKDVH DQG DPSOLWXGH ZDV
FKRVHQ WR FDUU\ RXW H[SHULPHQWDO YHULILFDWLRQ7KHRSWLPLVHGGLPHQVLRQVZKLFKZHUH WDNHQ IRU WKH IDEULFDWLRQRI
KRUQDQWHQQDDUHJLYHQLQ7DEOH

7DEOH3DUDPHWHUYDOXHVRIWKHFRUUXJDWHGKRUQ
3DUDPHWHU 9DOXH
LQPP
;EDQG
9DOXH
LQPP
6EDQG
2SWLPL]HG
YDOXHLQ6EDQG
'HVFULSWLRQ
D    :DYHJXLGHZLGWK
E    &RUUXJDWHGZDYHJXLGHZLGWK
F    'LVWDQFHEZZDYHJXLGHVLQ;GLUHFWLRQ
G    :DYHJXLGHKHLJKW
H    'LVWDQFHEZZDYHJXLGHVLQ<GLUHFWLRQ
V    &RUUXJDWLRQVORWGHSWK
W    6ORWZLGWK
Z    *DSEZVORWV

3.3. Probe design for waveguide excitation 
6WDQGDUGSUREHQRUPDOO\XVHGLQ6EDQGLVVKRZQLQ)LJD7KLVSUREHZLWKSLQKHLJKWVRIDQGPP
ZHUHWULHG:LWKWKHVHSUREHVWKHVLPXODWLRQZLWK&67GLGQRWVKRZUHTXLUHGLPSHGDQFHPDWFKLQJ
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D E 

)LJD6WDQGDUGSUREHXVHGLQ6EDQGE3UREHILQDOO\XVHGIRUH[FLWDWLRQRIWKHSURSRVHGKRUQ

7KHSUREHZDVUHGHVLJQHGDVVKRZQLQ)LJE7KLVZDVJLYLQJH[SHFWHGEHVWLPSHGDQFHPDWFKLQJ7KHVDPHZDV
IDEULFDWHGIRUH[FLWDWLRQRIWKHZDYHJXLGHV5HWXUQORVVJUDSKREWDLQHGZLWKWKLVSUREHLVJLYHQLQ)LJ3DUDPHWHU
YDOXHVFRUUHVSRQGLQJWRWKLVSUREHLVJLYHQLQ7DEOH

7DEOH3DUDPHWHUYDOXHVRIWKHSUREHXVHGIRUH[FLWDWLRQ
3DUDPHWHU 9DOXHLQPP 'HVFULSWLRQ
+BSLQ  +HLJKWRIWKHSLQLQVLGHZDYHJXLGH
+BWHIORQ  +HLJKWRIODUJHUWHIORQ
+BWHIORQ  +HLJKWRIVPDOOHUWHIORQ
5BWHIORQ  5DGLXVRIODUJHUWHIORQ
5BWHIORQ  5DGLXVRIVPDOOHUWHIORQ
5BSLQ  5DGLXVRISLQ

6LPXODWLRQUHVXOWVXVLQJ&67
4.1. Return Loss 
)LQDOO\SUREHVKRZQLQ)LJEZDVXVHGWRIHHGDOO WKHIRXUZDYHJXLGHV7KHUHVXOWREWDLQHGZLWKWKLVSUREH LV
JLYHQ LQ)LJ7KH OHQJWKRI WKHZDYHJXLGHXVHG LV PP$OORWKHUSDUDPHWHUYDOXHV UHJDUGLQJ WKLV SUREH DUH
JLYHQLQ7DEOH



)LJ&RPELQHGUHWXUQVORVVRIDOOSRUWV

4.2. Pattern 
7KHD]LPXWKDQGHOHYDWLRQSDWWHUQDWFHQWUHIUHTXHQF\LVVKRZQEHORZLQ)LJ,WJLYHVZLGHEHDPZLGWKRIDURXQG
LQD]LPXWKDWDURXQGG%DQGDG%EHDPZLGWKRILQHOHYDWLRQ
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D E 

)LJD$]LPXWKSDWWHUQE(OHYDWLRQSDWWHUQ
0HDVXUHGUHVXOWV
5.1. Return loss 
5HWXUQ ORVVRI WKHFRUUXJDWHGKRUQZDVPHDVXUHGXVLQJ$JLOHQW7HFKQRORJLHV1HWZRUN$QDO\VHU%RWK LQGLYLGXDO
UHWXUQ ORVVRI WKHSRUWVDQGFRPELQHGUHWXUQ ORVVIRUDOOSRUWVZHUHPHDVXUHGDQG WKHJUDSKREWDLQHGIRUVSRW
IUHTXHQFLHV LQ WKH 6EDQG DUH VKRZQ EHORZ 7KH UHTXLUHG VSRW IUHTXHQFLHV DUH PDUNHG DV  DQG  LQ WKH
IROORZLQJ)LJ
D E 
)LJD0HDVXUHGUHWXUQORVVIRULQGLYLGXDOSRUWE&RPELQHGUHWXUQORVVIRUDOOSRUWV

5HWXUQORVVPHDVXUHGIRUHDFKRIWKHIRXUSRUWVLQGLYLGXDOO\VKRZQLQ)LJDLVJLYLQJJRRGUHWXUQORVVEHORZ
G%IRUDOOGHVLUHGVSRWIUHTXHQFLHV+RZHYHU WKHFRPELQHGUHWXUQORVVVKRZQLQ)LJELVDWG%DWORZHU
VSRWIUHTXHQF\DQGDOVRVKRZHGDUHGXFWLRQLQWKHLPSHGDQFHEDQGZLGWK7KLVUHGXFWLRQFRXOGEHGXHWRWKH3RZHU
'LYLGHUFRPELQHUZKLFKLVXVHG

5.2. Pattern 
7KH DQWHQQD LV IDEULFDWHG DQG PHDVXUHG IRU LWV SHUIRUPDQFH DW IDUILHOG FKDPEHU )DEULFDWHG DQWHQQD DQG
PHDVXUHPHQWVHWXSLVVKRZQLQ)LJ7KHUDGLDWLRQSDWWHUQLQERWKD]LPXWKDQGHOHYDWLRQSORWWHGXVLQJ31$DQG
0L'$6 VRIWZDUH DW GLIIHUHQW VSRW IUHTXHQFLHV LV VKRZQ LQ )LJ  7KH FRUUXJDWHG KRUQ DQWHQQDZDV DW UHFHLYLQJ
PRGH0HDVXUHGSDWWHUQSDUDPHWHUVDUHOLVWHGLQ7DEOHDQG7DEOH



)LJ)DEULFDWHGDQWHQQDDQGPHDVXUHPHQWVHWXSLQIDUILHOGFKDPEHU
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D 
E
)LJD$]LPXWKSDWWHUQDQGE(OHYDWLRQ3DWWHUQDWDOOVSRWIUHTXHQFLHV

7DEOH%HDPSHDN	EHDPZLGWKDWGLIIHUHQWVSRWIUHTXHQFLHVLQD]LPXWK
6SRW
IUHTXHQFLHVLQ
6EDQG
%HDPSHDNG%

9DOXH>'HJ@
%HDPZLGWK>GHJ@

9DOXH$WG%
,VW    
,,QG    
,,,UG    
,9WK    

7KHG%EHDPZLGWKLQD]LPXWKLVDQGDW,,QGDQG,,,UGVSRWIUHTXHQFLHVUHVSHFWLYHO\7KLVLVGXHWRDGLSLQ
WKHSDWWHUQDWDURXQGG%WRG%1HJOHFWLQJWKLVGLSWKHG%EHDPZLGWKLVDURXQGDQGDW,,QGDQG,,,UG
VSRWIUHTXHQFLHVUHVSHFWLYHO\
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7DEOH%HDPSHDN	EHDPZLGWKDWGLIIHUHQWVSRWIUHTXHQFLHVLQHOHYDWLRQ
6SRW
IUHTXHQFLHVLQ
6EDQG
%HDPSHDNG%

9DOXH>'HJ@
%HDPZLGWK>GHJ@

9DOXH$WG%
,VW    
,,QG    
,,,UG    
,9WK    

5.2. Directivity of the corrugated horn  
'LUHFWLYLW\
A
D
:
 S ZKHUHȍ$LVWKHEHDPVROLGDQJOH7KHEHDPVROLGDQJOHLVDSSUR[LPDWHO\HTXDOWRWKHSURGXFWRI
WKHKDOISRZHUEHDPZLGWKVLQWZRSHUSHQGLFXODUSODQHV,IWKHEHDPZLGWKVDUHLQGHJUHHVGLUHFWLYLW\FDQEHZULWWHQ
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	 dT DUHWKHKDOISRZHUEHDPZLGWKVLQWZRSULQFLSDOSODQHV6'LUHFWLYLW\RIWKHFRUUXJDWHGKRUQFDOFXODWHG
XVLQJWKLVHTXDWLRQLVG%
&RQFOXVLRQ
)RUWKHUHTXLUHPHQWRIWKHJXDUGDQWHQQDDFRUUXJDWHGKRUQDQWHQQDZDVGHVLJQHG$QDWWHPSWZDVPDGHWRREWDLQD
ZLGHEHDPIRU WKHGHVLUHGEDQGRIIUHTXHQFLHV LQ WKH6EDQG$Q LGHDRIREWDLQLQJZLGHEHDPSDWWHUQ IRXURSHQ
HQGHG UHFWDQJXODUZDYHJXLGH DSHUWXUHZDV XVHG LQ WKHPRQRSXOVH 7KHVH IRXUZDYHJXLGH KDV EHHQ H[FLWHGZLWK
VDPHSKDVHDQGDPSOLWXGH7KHEHDPLVIXUWKHUVKDSHGE\SDVVLQJWKURXJKWKHFRUUXJDWHGZDYHJXLGH&RUUXJDWLRQV
LPSURYHEDQGZLGWKRI RSHUDWLRQ DQG UHGXFH VLGHOREH OHYHO$FFRUGLQJ WR WKH WKHRUHWLFDO DQDO\VLV LW LV SRVVLEOH WR
FRQWUROWKHEHDPZLGWKRIWKHSURSRVHGFRUUXJDWHGKRUQDQWHQQDE\FKDQJLQJWKHDPSOLWXGHRIKLJKHURUGHUK\EULG
PRGHV7KLVFDQEHDFKLHYHGE\SURSHUO\YDU\LQJWKHPRGHDPSOLWXGHUDWLR7KLVLVSRVVLEOHWKURXJKYDU\LQJWKHVORW
GHSWKDQGZLGWKRIWKHFRUUXJDWLRQSURILOH7KHSDWWHUQIRUWKHFHQWUHIUHTXHQF\VKRZVYHU\JRRGEHDPZLGWKEXWIRU
RWKHUIUHTXHQF\LWUHTXLUHVWXQLQJ
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